chains order parameter dependence on coordinate for 40% cholesterol -60% DPPC membrane, measurable in NMR experiments, is calculated analytically and compared with molecular dynamics simulation data [5]. The order parameter calculation allows for DPPC tilt angle. The model parameters found by fitting the MD data are used further to calculate lateral pressure distribution and coefficient of thermal area expansion. The microscopic model allows one to study other thermodynamic coefficients and diffusion phenomena in multi-component bilayers. 1.Mukhin S.I., S. Baoukina, Analytical derivation of thermodynamic characteristics of lipid bilayer from a flexible string model. Phys. Rev. E. 71: 061918 (2005 Lipid bilayers constitute the basis of biological membranes. Understanding lipid mixing and phase behavior can provide important insights into membrane lateral organization (the raft hypothesis). Here we investigate model lipid bilayers below and above the miscibility transition temperatures. Molecular dynamics simulations with the MARTINI coarse-grained force field are employed to model bilayers on a length scale approaching 100 nm laterally and a time scale of tens of microseconds. We simulate lipid mixtures containing saturated and unsaturated lipids, and cholesterol at different concentrations and temperatures between 270 and 340 K. The coexistence of liquid-crystalline and gel, as well as liquid-ordered and liquid-disordered phases is reproduced. We induce a gradual transition from phase separation to mixing by raising the temperature and adding hybrid lipids (with a saturated and an unsaturated chains). The evolution of bilayer properties along this transition is analyzed. Domain size and phase boundary length, the length and time scales of composition fluctuations, and inter-leaflet coupling are quantified. The results allow characterizing partitioning of hybrid lipids between the coexisting phases, their role in composition fluctuations, and also the effect of spontaneous curvature on composition fluctuations. Curved domains are observed in both symmetric and asymmetric bilayers (with different composition of the two leaflets).
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Department of Chemistry, Florida Institute of Technology, Melbourne, FL, USA. X-ray structures of active-state rhodopsin (Meta-II) and the cognate G-protein transducin are available, yet the transducin activation mechanism by rhodopsin is still obscure due to lack of atomistic dynamical information. We are studying the conformations of retinal in active Meta-II, and how the presence of the alltrans retinal agonist yields substantial differences in activation of transducin compared to opsin. Solid-state NMR spectroscopy gives information pertaining both to structures and dynamics, and is a powerful method to study how rhodopsin activates transducin. Experiments are currently underway with selectively deuterated retinal in aligned membrane samples containing active Meta-II [1] . Simulation of the 2H NMR lineshape of the aligned samples in terms of a static uniaxial distribution reveals the bond orientations of retinal methyl groups and mosaic spread, which represents the alignment disorder of the stacked membranes [2, 3] . Comparison with the solid-state 2H NMR spectra predicated by published X-ray results enables proposed structures for active Meta-II to be tested [4] . Moreover, the solid-state 2H NMR spectral lineshapes show the role of dynamical fluctuations of the protein. We are also conducting solid-state 2H NMR experiments with deuterated C-terminal peptide of transducin to study the interaction between the G-protein and the rhodopsin transmembrane helices. Our hypothesis is that association and dissociation cycles of transducin depend on the relationship between the local dynamics of peptide and the fluctuations of rhodopsin helices. Solid state 2H NMR experiments can not only tell us how rhodopsin activates transducin, but also can reveal the general mechanisms whereby GPCRs activate the cognate G-proteins. (EPA, 20:5), its metabolite docosapentaenoic acid (DPA, 22:5) and docosahexaenoic acid (DHA, 22:6) are the major n-3 PUFAs derived primarily from dietary consumption. Whether their effects on health are shared or complementary is a matter of current debate. To understand how molecular organization within cell membranes responds to the incorporation of each n-3 PUFA into phospholipids, we are performing MD simulations on model membrane systems composed of 1-stearoyl-2-eicosapentaenoylphosphatidylcholine (18:0-20:5PC), 1-stearoyl-2-docosapentaenoylphosphatidylcholine (18: 0-22:5PC), 1-stearoyl-2-docoshexaenoylphosphatidylcholine (18:0-22:6PC) and, as a monounsaturated comparison, 1-stearoyl-2-oleoylphosphatidylcholine (SOPC, 18:0-18:1PC) in the absence and presence of cholesterol. They are run at 37 C under constant pressure for 200 ns on bilayers containing 98 lipid molecules (single component membranes) or 100 lipid molecules (80 phospholipids and 20 cholesterols) that are hydrated in the ratio of 20 water molecules per lipid molecule. As validation, order parameter profiles along the sn-1 chain calculated from the trajectories will be compared with results from solid state 2H NMR experiments. Our analysis will identify the difference in flexibility between EPA, DPA and DHA chains. The impact of the difference in flexibility of each n-3 PUFA on the conformation of the adjacent stearic acid chain at the sn-1 position and on the interaction with cholesterol will then be investigated.
Department of Biochemistry & Molecular Biology and East Carolina
Diabetes and Obesity Institute, East Carolina University, Greenville, NC, USA. Dietary omega-3 polyunsaturated fatty acids (n-3 PUFAs), such as docosahexaenoic acid (DHA, 22:6), have a wide variety of health benefits. However, the origin of the benefits at the molecular level is yet to be elucidated. A membrane-mediated mechanism in which n-3 PUFAs are incorporated into phospholipids and modulate molecular organization is one possibility. Cellular membranes are inhomogeneous where structurally diverse lipids can exist in separate domains. Regions rich in sphingomyelin (SM) and cholesterol, commonly called lipid rafts, contain important signaling proteins. In a recent solid-state 2 H nuclear magnetic resonance ( 2 H NMR) study of a model membrane composed of 1-[ 2 H 31 ] palmitoyl-2-docosahexaenoylphosphatidylcholine (PDPC-d 31 ), a deuterated analog of a DHA-containing phospholipid, in mixtures with SM and cholesterol, we discovered that DHA could significantly enter raft-like domains. How DHA affects the molecular organization within the raft-like domains is addressed here by observing PSM-d 31 , an analog of SM with a perdeuterated N-palmitoyl chain. The 2 H NMR spectra for PSM-d 31 in mixtures with PDPC and cholesterol exhibit two spectral components, a larger more ordered component that we attribute to raft-like domains and a smaller less ordered component that we attribute to non-raft-like domains. On average, the order of PSM-d 31 is reduced and, thus, disordering of PSM-d 31 by PDPC is indicated. Our observations confirm that DHA can infiltrate rafts and affect molecular organization, which has implications for the signaling of raft and non-raft proteins. Furthermore, these results are consistent with in vivo studies showing that DHA infiltrates rafts. what distinguishes PUFA from more common monounsaturated and saturated fatty acids. The aversion to cholesterol is exemplified by a solubility of only~15 mol% in di-polyunsaturated 1,2-diarachidonylphosphatidylcholine (DAPC), as opposed to most phospholipid bilayers that can solubilize >50 mol%. According to our earlier neutron scattering experiments using deuterated analogs of cholesterol, the head group and tail of the sterol reside within the DAPC bilayer at the center. An orientation parallel to the plane of the bilayer and between leaflets is implied that, remarkably, differs from the generally accepted one in which the head group sits near the aqueous interface while the tail extends towards the middle of the bilayer. Here we present solid state 2 H NMR spectra acquired with aligned multilayers that establish the bilayer normal constitutes the axis of motional averaging for a deuterated analog of cholesterol incorporated into DAPC. The dilemma that this result creates is being evaluated, including with the aid of molecular dynamics simulations.
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